Abstract Grapevine Pinot gris virus (GPGV) has been reported infecting grapevines (Vitis spp.) in several countries of the world. In this study, 19.5% of grapevine samples collected in Brazil and indexed for GPGV by RT-qPCR was infected. The complete coat protein and the partial replicase genes of two Brazilian isolates (CF-BR and ME-BR) were sequenced and exhibited very high nucleotide and deduced amino acid identities with many foreign characterized isolates of GPGV available in the GenBank. This is the first detection of GPGV infecting grapevines in Brazil.
Pinot gris virus (GPGV), was associated (Giampetruzzi et al. 2012) . The virus has been reported infecting several varieties in many European countries (Czech Republic, France, Germany, Greece, Portugal, Slovakia, Slovenia, Spain and Turkey), as well as in Australia, Canada, China, Korea and USA (Glasa et al. 2014; Saldarelli et al. 2015; Bertazzon et al. 2016a; Eichmeier et al. 2016a; Wu and Habili 2017) . Its association with the disease is still not completely established, due to the existence of different viral strains and diverse cultivar's susceptibility (Saldarelli et al. 2015) . However, the associated disease has an important economic impact since it affects plant vigor and reduces yield. The eriophyid mite Colomerus vitis is a vector of GPGV (Malagnini et al. 2016 ) and the herbaceous plants Silene latifolia subsp. alba and Chenopodium album can be considered as reservoirs of the GPGV (Gualandri et al. 2017) . GPGV is a member of the genus Trichovirus, family Betaflexiviridae, and possesses a ssRNA with 7275 nucleotides (Giampetruzzi et al. 2012) .
No information about the incidence, prevalence and variability of GPGV strains in Brazilian grapevines is hitherto available. Therefore, the aim of this work was to determine the prevalence of GPGV infecting Brazilian grapevines and perform a molecular characterization of coat protein (CP) genes of this viral species.
Eighty grapevine cuttings from nurseries of many viticultural countries, imported between 2000 and 2004 and since then maintained in a collection under greenhouse conditions at Embrapa Grape and Wine were sampled for indexing. These plants of many cultivars exhibited non-virus-specific symptoms or were asymptomatic. Other 46 grapevine samples (cvs Cabernet Franc, Chardonnay, Pinot Noir, Merlot and Riesling Italico) from recently (2015) imported cuttings were also tested. Finally, 172 grapevine samples collected from many cultivars and genotypes (V. vinifera and V. labrusca) in germplasm and grapevine collections of Brazilian research institutions from several States (Pernambuco, Minas Gerais, São Paulo, Paraná, Santa Catarina and Rio Grande do Sul) were also evaluated, totalizing 298 samples from three sources. The mother vines of this last block of samples have been independently introduced in Brazil from many countries within the last ca. 25 years.
Total RNA extractions from 1 g of scrapings of mature stems were performed using the adsorption of nucleic acids on silica particles (Rott and Jelkmann 2001) , grinding plant tissues in liquid nitrogen. Appropriated controls were included in all performed analyses. RT-qPCR reactions were carried out using the kit TaqMan® Fast Virus 1-Step Master Mix (Life Technologies) in a thermocycler StepOnePlus Real-time PCR System (Applied Biosystems) as previously described (Fajardo et al. 2016) . Reaction data were analyzed using the StepOne Software v.2.3 (Applied Biosystems) by determining the Ct (threshold cycle). Two sets of primer pairs and probes used for GPGV detections by RT-qPCR were previously designed by Bianchi et al. (2015) , GPgVPozRT-F, GPgVPozRT-R and GPgVPozRT probe (amplify 104 bp in the RNA dependent RNA polymerase region of GPGV) and GPgV504F, GPgV588R and GPgV CP542 probe (amplify 85 bp in the CP gene). The probes were labeled with 6-FAM and TAMRA in the 5′ and 3′ ends, respectively.
Complementary DNA synthesis was performed using 1 μL hexanucleotides (random primers) at 10 μM in reactions using reverse transcriptase (Ludwig Biotecnologia) at 50°C for 1 h and 4 μL of total RNA (ca. 400 ng) as defined by the manufacturer. Two sets of primer pairs were used to amplify the complete CP of GPGV, DetF (Saldarelli et al. 2015) and GPgV588R (Bianchi et al. 2015) , and the partial RNA dependent RNA polymerase (RdRp) domain of the GPGV replicase gene, GPGVRepF and GPGVRepR (Saldarelli et al. 2015) . Amplification cycling, cloning and purification of recombinant plasmids from Escherichia coli were performed as described by Fajardo et al. (2016) . Automatic nucleotide sequencing was performed with two clones per amplicon and isolate.
The nucleotide (nt) and deduced amino acid (daa) identities among the two Brazilian isolates and 15 isolates of GPGV from GenBank were determined using BioEdit v.7.2.5 software. Multiple sequence alignments were performed using ClustalX 2.1 program (Larkin et al. 2007 ). Nucleotide and deduced amino acid phylogenetic relationships were determined using Neighbor-joining method implemented in MEGA 7 program using Kimura 2-parameter with gamma distribution (G) and bootstrap support from 2000 replications (Kumar et al. 2016) , and phylogeny reconstruction and pdistance substitution model, respectively. The first report of GPGV in Brazil, while it adds knowledge to the phytosanitary status of a defined viticultural region, is also important to give support to management and control measures of grapevine diseases. Accordingly, 298 grapevine samples, assayed by RT-qPCR, revealed an impressive mean infection rate (58 samples, 19.5%). Considering the source of samples individually, the GPGV incidence in the oldest imported grapevine cutting block was 3 out of 80 indexed samples (3.8%); 36 GPGV-infected samples out of 46 in the more recent imported grapevine cutting block (78.3%) and, finally, 19 GPGV-infected samples out of 172 (11.1%) in grapevine accessions from Brazilian germplasm and grapevine collections. This result is especially interesting considering the different geographical origins and a wide range of grapevine genotypes that include commercial cultivars of wine and table grapevines.
Considering the restricted number of plants analyzed in this work, the findings suggest the likely widespread occurrence of GPGV in Brazilian vineyards. The sudden emergence of GPGV in a number of different countries suggests a longer presence of the virus in those viticultural regions where it had persisted unnoticed, although symptoms of leaf mottling and deformations have already been reported for example in cv. Chardonnay (Eichmeier et al. 2016b ). Also, Bertazzon et al. (2016b) showed that there was an important association between GPGV variants and symptom expression, and that grapevines with symptoms harboured a significantly higher GPGV titre than symptomless vines. In the present study, it was not possible to associate specific symptoms with GPGV infections due to the frequent presence of multiple viral infections in the analyzed grapevines.
According to the requirements of production of plant propagation material of many viticultural countries, especially European Union, USA and South Africa, grapevine has to be tested for some viruses [Grapevine fanleaf virus (GFLV), Arabis mosaic virus (ArMV), Grapevine leafroll-associated virus 1 and 3 (GLRaV-1 and -3) as well as for Grapevine fleck virus (GFkV) in the case of rootstock mother plants] (Audeguin 2012) . However, indexing of GPGV is not included as mandatory in the mentioned legislations. Besides this, some of the tested cuttings were imported before the establishment of such legal frameworks in their countries of origin. A lower incidence would have meant that, in fact, GPGV is a controlled pathogen, under regulation in imported cuttings. As already addressed (Eichmeier et al. 2016b) , grapevine clones affected with viruses recognized as detrimental have been removed during many years of sanitary selections during the production process of grapevine propagation material (Basso et al. 2017) . As a matter of fact, it seems that GPGV is one of the prevalent viruses infecting grapevine worldwide, widely distributed in many grapegrowing areas of the world, being even considered as an emergent virus (Bertazzon et al. 2016a ). Since many viruses are transmitted by vectors (e.g. mites for GPGV), new vineyards should be established with virus-free propagative materials to counteract disease spread.
A GPGV-specific DNA amplicon of 953 bp was amplified using the DetF/GPgV588R primer pair by RT-PCR from two grapevine (V. vinifera) samples, cvs. Cabernet Franc and Merlot, randomly selected among 58 GPGVinfected samples after indexing by RT-qPCR. Two complete nucleotide sequences of the GPGV coat protein (CP) genes (588 nt and 195 daa) were obtained from GPGV isolates CF-BR and ME-BR and deposited in GenBank under accession numbers MF044018 and MF044019. The multiple CP nucleotide and deduced amino acid sequence comparisons of two Brazilian isolates and other 15 foreign isolates of GPGV available in GenBank showed identities ranging from 96.9% to 99.3% and from 97.4% to 100%, respectively, suggesting a limited CP gene variability of this virus species. The phylogenetic tree indicated that, although the analyzed sequences of GPGV isolates were unique to each variety (Cabernet Franc and Merlot), they were grouped within a single large clade indicating that GPGV is quite homogeneous when considering the CP genes of the studied isolates (Fig. 1a) . This is confirmed by the amino acid sequence analysis from the same CP genes of GPGV (Fig. 1b) . The nt and daa identities of CP gene between the CF-BR and ME-BR isolates were 98.2% and 99.4%, respectively.
Another DNA amplicon of 525 bp was amplified using the GPGVRepF/GPGVRepR primer pair by RT-PCR from GPGV isolates CF-BR and ME-BR. These partial RdRp sequences were deposited in GenBank under accession numbers KY886452 and KY886453 and exhibited highest nt identities (98-99%) with six homologous GPGV isolates available in Genbank (KX522755, KF134125, KP693445, KU312039, KU194413 and KM491305) and highest daa identities (98-100%) with five homologous GPGV isolates (AOG16120, AIY29054, ANQ87152, AGV76027 and AKP16328), considering 175 daa translated from the sequenced DNA fragment.
The occurrence of GPGV was demonstrated for the first time in Brazil. The Brazilian characterized GPGV isolates showed a low genetic variability. Further studies should be performed to comprehensively characterize the incidence and the prevalence of this pathogen in the Brazilian commercial vineyards.
